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OBJECTIVE

To compare the effect of Roux-en-Y gastric bypass (RYGB) surgery versus intensive
medical diabetes and weight management (IMWM) on clinical and patient-reported
outcomes in obese patients with type 2 diabetes.

RESEARCH DESIGN AND METHODS

We prospectively randomized 38 obese patients with type 2 diabetes (15 male and
23 female, with mean 6 SD weight 104 6 16 kg, BMI 36.3 6 3.4 kg/m2, age 52 6

6 years, and HbA1c 8.56 1.3% [696 14mmol/mol]) to laparoscopic RYGB (n = 19) or
IMWM (n = 19). Changes in weight, HbA1c, cardiovascular risk factors (UKPDS risk
engine), and self-reported health status (the 36-Item Short-Form [SF-36] survey,
Impact of Weight on Quality of Life [IWQOL] instrument, and Problem Areas in
Diabetes Survey [PAID]) were assessed.

RESULTS

After 3 years, the RYGB group had greater weight loss (mean 224.9 kg [95%
CI 229.5, 220.4] vs. 25.2 [210.3, 20.2]; P < 0.001) and lowering of HbA1c

(21.79% [22.38,21.20] vs.20.39% [21.06, 0.28] [219.6mmol/mol {95%CI226.0,
213.1} vs.24.3 {211.6, 3.1}]; P < 0.001) compared with the IMWM group. Changes
in cardiometabolic risk for coronary heart disease and strokewere allmore favorable
in RYGB versus IMWM (P < 0.05 to P < 0.01). IWQOL improved more after RYGB (P <
0.001), primarily due to subscales of physical function, self-esteem, and work per-
formance. SF-36 and PAID scores improved in both groups, with no difference be-
tween treatments. A structural equation model demonstrated that improvement in
overall quality of life was more strongly associated with weight loss than with
improved HbA1c and was manifest by greater improvements in IWQOL than with
either SF-36 or PAID.

CONCLUSIONS

Three years after randomization to RYGB versus IMWM, surgery produced greater
weight loss, lower HbA1c, reduced cardiovascular risk, and improvements in obesity-
related quality of life in obese patients with type 2 diabetes.
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Weight loss in obese patients with type 2
diabetes often results in improved
glycemic control and a reduction in
cardiovascular risk factors such as hy-
pertension and dyslipidemia. However,
,10% of patients are able to maintain
substantial weight loss using traditional
dietary and lifestyle modification meth-
ods (1–3).
In addition to these adverse metabolic

and clinical outcomes, both obesity and
type 2 diabetes adversely affect patients’
self-reported health status and quality of
life. Overweight and obese individuals re-
port more physical and psychological dis-
tress that is typically associated with the
severity of obesity. In type 2 diabetes, re-
duced health status and quality of life are
often associated with the symptoms of
poor glycemic control, glycemic variabil-
ity, insulin use, and the presence of dia-
betes complications. Both conditions are
associated with reduced activity, depres-
sive symptoms, increased pain, impaired
sexual function, poor sleep, and reduced
work performance and social interaction
(4–6).
Recent clinical trials and cohort studies

have demonstrated that bariatric surgery
is highly effective in promoting sustained
weight loss, improving glycemic control,
and reducing cardiometabolic risk factors
(7–12). Results are particularly impressive
after Roux-en-Y gastric bypass (RYGB)
surgery, although benefits are also ob-
served after the gastric sleeve, laparoscopic
adjustable gastric band, and other proce-
dures.However, fewprospectiverandomized
studies have compared patient-reported
outcomes after randomization to bariat-
ric surgery versus an intensive medical
management program to determine
whether the approach to improve meta-
bolic health is an important determinant
of changes in self-reported health status,
quality of life, and problems associated
with managing diabetes.
Here, we report the 3-year results of

the Surgery or Lifestyle With Intensive
Medical Management in the Treatment
of Type 2 Diabetes (SLIMM-T2D) studyda
prospective, randomized, controlled clin-
ical trial designed to assess the compara-
tive effectiveness of bariatric surgerywith
medical management to improve glyce-
mic control, reduce cardiovascular risk,
and enhance patient-reported health sta-
tus and quality of life in obese patients
with type 2 diabetes (10). We compared
RYGB with an intensive multidisciplinary

medical diabetes- and weight-manage-
ment program that incorporates diabetes
medication adjustment to facilitate weight
loss, structured modified dietary inter-
vention, an individualized exercise pro-
gram, cognitive behavioral intervention,
and group education. Both interventions
are clinically available at our institution
and comparable at many others, sug-
gesting that the improvements in the out-
comes that we observed could be readily
incorporated into standard medical
practice.

RESEARCH DESIGN AND METHODS

Study Overview
The rationale, design, and methods, in-
cluding recruitment, inclusion/exclusion
criteria, randomization, intervention,
and assessments through 1 year, have
previously been published (10). In brief,
the SLIMM-T2D study was a randomized,
parallel-group clinical trial to assess the
feasibility of methods to conduct a larger
multisite trial comparing the long-term
effect of bariatric surgery versus medical
management to improve glycemic con-
trol, cardiometabolic risk, and health
outcomes in obese patients with type
2 diabetes (clinicaltrials.gov identifier
NCT01073020). The study conformed
to the Consolidated Standards of Re-
porting Trials (CONSORT) statement,
and a diagram showing enrollment, ran-
domization, and retention of the study
participants is presented in Supple-
mentaryData. The protocolwas approved
by the Partners HealthCare institutional
review board, and an independent data-
monitoring committee reviewed patient
safety.

Major eligibility criteria included: 1) age
21–65 years for male or female sex; 2)
diagnosis of type 2 diabetes for at least
1 year; 3) BMI of 30–42 kg/m2; 4) HbA1c
$7.0% (53 mmol/mol) regardless of on-
going treatment, or$6.5% (48mmol/mol)
while receiving either two oral antihy-
perglycemic agents, at greater than or
equal to half-maximal dose, or insulin,
with a stable medication regimen for
.8weeks; and 5) no clinical or symptom-
atic evidence of significant cardiovascular
or other diseases prohibiting safely
exercising or undergoing a RYGB. Indi-
viduals were excluded if they had de-
tectable levels of anti-GAD antibodies,
a history of diabetic ketoacidosis, uncon-
trolled type 2 diabetes (HbA1c .12%
[.108 mmol/mol]), gastrointestinal

disease, malignant disease within 5 years,
significant cardiopulmonary or renal dis-
ease, an active eating disorder, impaired
mental status, weight loss .3% within
the previous 3 months, abused drugs/
alcohol, participated in another weight-
reduction program, or were using weight-
reducing medications and/or supplements.
Participants had to be nonsmoking for
.2 months. Additional information on
the full inclusion and exclusion criteria
has previously been published (10).

Patients with a preference for a bariat-
ric procedure other than RYGB were not
enrolled. The RYGB procedure was per-
formed at Brigham and Women’s Hospi-
tal using standard operative protocols
(10).

Participants randomized to themedical
arm of the study enrolled in the Why
WAIT (Weight Achievement and Intensive
Treatment) program, which is designed
for clinical practice and conducted quar-
terly at the Joslin Diabetes Center for
groups of 10–15 patients (13). The multi-
disciplinary approach includes anendocri-
nologist, registered dietitian, exercise
physiologist, mental health provider,
and certified diabetes nurse educator.
Two-hour group sessions are conducted
weekly during a 12-week initiation phase
in which patients receive individual med-
ication adjustments and participate in
supervised group exercise and didactic
sessions. Key aspects of Why WAIT in-
clude weekly medication adjustments;
structured modified dietary intervention
with a hypocaloric (1,500–1,800 kcal)
diet; up to 300 min/week of graded, bal-
anced, and individualized exercise with
emphasis on strength training; cognitive
behavioral therapy; and group education.
Antidiabetes medications were adjusted
according to an algorithm designed to re-
duce or eliminate medications known to
be associated with weight gain or hypo-
glycemia while initiating or increasing
doses ofmedications that areweight neu-
tral (10,13). None of the patients received
anti-obesity medications during the
study. A maintenance phase of individual
monthly counseling is provided for the
next 9 months, for a total intervention
period of 1 year.

Randomizationwascomputer-generated
in centrally allocated blocks of four, strat-
ified by BMI $35 and ,35 kg/m2. Both
groups returned to usual care following
intervention and follow-up after 1 year
was observational.
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Metabolic Outcomes
Metabolic assessments were performed
at baseline and repeated at 10% of initial
bodyweight loss toobtainmeasurements
at a comparable level of weight loss in
both groups. If 10% weight loss did not
occur by 3 months, metabolic assess-
ments were performed at that time.Met-
abolic visits were also conducted at 12,
18, 24, and 36 months to obtain a time-
based comparison. Assessments included
weight, height, waist circumference,
seated blood pressure using an auto-
mated device (BP742; Omron Health-
care), and medication doses. Clinical
laboratory tests (performed by Quest Di-
agnostics) included HbA1c, fasting plasma
glucose, total cholesterol, LDL choles-
terol, HDL cholesterol, triglycerides, mi-
croalbuminuria, renal function, liver
function, and hematology. Body compo-
sitionwas assessed by bioelectrical imped-
ance (TBF-215; Tanita Corporation). A
6-min walk test was performed. The UK
Prospective Diabetes Study (UKPDS) Risk
Engine was used to calculate risk of fatal
and nonfatal cardiovascular events and
stroke (14).

Patient-Reported Outcomes
Self-reported health outcomes were de-
termined using the following validated in-
struments: 1) the 36-Item Short-Form
(SF-36) survey, a generic health status in-
strument comprising two component
scores (physical health and mental
health) and eight scales (physical func-
tioning, role-physical, bodily pain, general
health, vitality, social functioning, role-
emotional, and mental health) (15); 2)
Impact of Weight on Quality of Life
(IWQOL)-Lite, a 31-item disease-specific
quality of life instrument comprising five
scales (physical function, self-esteem,
sexual life, public distress, and work), for
which higher scores indicate greater im-
pact (5); and 3) ProblemAreas inDiabetes
Survey (PAID), a 20-item questionnaire
that assesses difficulty with diabetes self-
management, emotional distress, eating
behaviors, and other issues related to dia-
betes management, for which a higher
score indicates more problems (16).
A structural equationmodelwas devel-

oped to examine the effects of changes in
weight andHbA1c on changes in the latent
construct “quality of life.” Previous stud-
ies have demonstrated that improve-
ments in glycemia, particularly reduction
in HbA1c and glucose variability, lead to

improved quality of life (17,18), but the
relative contributions of weight loss ver-
sus improved glycemic control to the im-
provement in quality of life are not clear.
Change in quality of life was measured as
the differences between baseline and
1 year values in the total scores on the
SF-36, PAID, and IWQOL instruments.

Statistical Analyses
The primary outcome was achievement
of glycemic goal, defined as fasting
plasma glucose levels ,126 mg/dL and
HbA1c,6.5% (48 mmol/mol) at 1 year of
follow-up, regardless of whether patients
were using pharmacological interven-
tions. Longer time interval observational
follow-up was conducted to assess dura-
bility of effects and emergent differences.
The primary analysis was intention to
treat and involved all randomly assigned
patients who received at least one post-
randomization assessment. Follow-up
was prespecified to be censored at the
time of bariatric surgery for those who
were randomized to medical interven-
tion but subsequently underwent surgery.
Sample size was estimated assuming
that RYGB would result in resolution of
hyperglycemia in 80% of the patients
andmedicalmanagement in 20%. Twenty
participants per group provided 97%
power to detect a significant difference
between groups with a = 0.05. Baseline
results are presented as mean 6 SD and
outcome data as mean (95% CI) or me-
dian (interquartile range).

Dichotomous and continuous variables
were analyzed using logistic regression
and longitudinal linear mixed-effects
models, respectively, to test the null hy-
potheses of equal resolution between
groups of the respective outcome adjust-
ing for baseline, unless noted otherwise.
Dichotomous end pointswere considered
to have not been attained if data were
missing. Fisher exact test was used if
fewer than five events were expected
for a specific clinical end point. For the
mixed-effects model, the fixed effects
were “time” and “treatment group,”
bothofwhichwere treated as categorical,
and the random effect was “patient.”
Where data are presented as a change
from baseline, the baseline value was in-
cluded as a covariate. Because our pri-
mary hypothesis involved comparisons
between the two groups, we present
the P value for the “treatment group”
effect in the table and have used a

footnote to designate when the “time 3
treatment” interactioneffectwas also sig-
nificant. The within-group change from
baseline was a prespecified contrast at
each time point obtained from the
mixed-effects model.

RESULTS

Participants
A detailed description of the screening,
enrollment, randomization, intervention,
and retention procedures has previously
beenpublished (10). Briefly, 822 potential
participants received a telephone screen-
ing interview, 148 subsequently attended
an orientation session, and 93 underwent
full medical screening. Forty-three partic-
ipants were randomized to surgical (RYGB
[n = 22]) or medical (intensive medical di-
abetes and weightmanagement [IMWM]
[n = 21]) therapy. Before any intervention,
three participants withdrew consent, one
received a diagnosis of breast cancer, and
one received a diagnosis of severe de-
pression; these five individuals were not
included in the baseline data or any anal-
yses. Nineteen patients were included
for analysis in each group. Baseline demo-
graphics are presented in Table 1. The
two groups were similar in age, sex
distribution, race/ethnicity, proportion
with BMI ,35 kg/m2, and duration of
diabetes.

Primary End Point at 3 Years
After 3 years, eight patients (42%) in the
RYGB group achieved study-defined glyce-
mic goals (HbA1c,6.5% [,48mmol/mol]
and fasting plasma glucose,126mg/dL),
and seven of these eight patients were
receiving no antidiabetes medications at
that time. In contrast, no patients in the
IMWM group achieved this glycemic end
point (P = 0.005 vs. RYGB) (Table 1).

Clinical, Metabolic, and Laboratory
Measures
In evaluation of additional key metrics of
clinical interest, the surgical group also
had a higher percentage of patients
achieving HbA1c ,7.0% (,53 mmol/mol)
(58% vs. 11%; P = 0.011). Rates of LDL
cholesterol ,100 mg/dL, systolic blood
pressure,130mmHg, and additional de-
finitions of normoglycemia based on fast-
ing glucose or HbA1c alone were not
different between groups (Table 1).

Changes in HbA1c and fasting plasma
glucoseweremore favorable for RYGBver-
sus IMWM at all time points. A change in
HbA1c of21.97% (95% CI22.52,21.41)

672 Outcomes After Roux-en-Y Versus Medical Management Diabetes Care Volume 41, April 2018



T
ab

le
1—

D
em

o
g
ra
p
h
ic
,
cl
in
ic
al
,
an

d
la
b
o
ra
to
ry

d
at
a
in

th
e
st
u
d
y
su

b
je
ct
s

B
as
el
in
e*

1
ye
ar

2
ye
ar
s

3
ye
ar
s

P
R
YG

B
IM

W
M

R
YG

B
IM

W
M

R
YG

B
IM

W
M

R
YG

B
IM

W
M

N
19

19

A
ge
,y
ea
rs

50
.7

6
7.
6

52
.6

6
4.
3

Se
x M
al
e

6
(3
2)

9
(4
7
)

Fe
m
al
e

13
(6
8)

10
(5
3)

R
ac
e/
et
hn

ic
it
y

W
hi
te

14
(7
4)

10
(5
3)

A
fr
ic
an

A
m
er
ic
an

3
(1
6)

8
(4
2
)

A
si
an

1
(5
)

0
(0
)

H
is
pa
ni
ca

1
(5
)

1
(5
)

B
M
I,

35
kg
/m

2
6
(3
2)

7
(3
7
)

D
ur
at
io
n
of

di
ab
et
es
,y
ea
rs

10
.6

6
6.
6

10
.2

6
6.
1

C
lin
ic
al
en

d
p
o
in
ts
,
n
(%
)b

St
ud

y-
de
fi
ne
d
di
ab
et
es

re
so
lu
ti
on

c
11

(5
8)

3
(1
6)

7
(3
7)

0
(0
)

8
(4
2
)

0
(0
)

0.
0
05

M
ee
ti
ng

A
D
A
tr
ea
tm

en
t
go
al
s

H
bA

1
c
,
7.
0%

(,
53

m
m
ol
/m

ol
)

15
(7
9)

5
(2
6)

13
(6
8)

5
(2
6)

11
(5
8
)

2
(1
1)

0.
0
11

D
ir
ec
t
LD

L
ch
ol
es
te
ro
l,

10
0
m
g/
dL

15
(7
9)

9
(4
7)

10
(5
3)

8
(4
2)

8
(4
2
)

6
(3
2)

0.
3
00

Sy
st
ol
ic
bl
oo

d
pr
es
su
re

,
13
0
m
m
H
g

16
(8
4)

11
(5
8)

14
(7
4)

5
(2
6)

8
(4
2
)

6
(3
2)

0.
3
00

M
ee
ti
ng

al
lt
hr
ee

go
al
s

11
(5
8)

1
(5
)

7
(3
7)

3
(1
6)

2
(1
1
)

1
(5
)

0.
2
93

N
or
m
og
ly
ce
m
ia

H
bA

1
c
,
6.
0%

(,
42

m
m
ol
/m

ol
)

6
(3
2)

0
(0
)

4
(2
1)

0
(0
)

2
(1
1
)

0
(0
)

0.
1
04

Fa
st
in
g
pl
as
m
a
gl
uc
os
e
,
10
0
m
g/
dL

14
(7
4)

3
(1
6)

8
(4
2)

2
(1
1)

7
(3
7
)

3
(1
6)

0.
2
16

M
ee
ti
ng

bo
th

cr
it
er
ia

6
(3
2)

0
(0
)

3
(1
6)

0
(0
)

1
(5
)

0
(0
)

0.
1
84

C
h
an

ge
s
in

cl
in
ic
al
,
m
et
ab
o
lic
,a
n
d
la
b
o
ra
to
ry

m
ea
su
re
s,
m
ea
n
(9
5
%
C
I)
d

M
ed
ic
at
io
ns

A
nt
id
ia
be
te
s

2.
3
6

1.
0

1.
8
6

0.
8

2
1.
6
(2

2.
0,
2
1.
3)

0.
1
(2

0.
3,
0.
4)

2
1.
4
(2

1.
8,
2
1.
1)

0.
4
(0
.0
,0

.8
)

2
1.
4
(2

1.
9,
2
1.
0)

0.
7
(0
.2
,
1.
2
)

,
0.
00
1

A
nt
ih
yp
er
te
ns
iv
e

1.
6
6

1.
0

1.
2
6

1.
0

2
0.
8
(2

1.
2,
2
0.
5)

0.
0
(2

0.
4,
0.
3)

2
1.
0
(2

1.
3,
2
0.
6)

0.
0
(2

0.
4,
0.
4)

2
0.
9
(2

1.
3,
2
0.
5)

0.
2
(2

0.
2,
0.
7)

,
0.
00
1

Li
pi
d
lo
w
er
in
g

0.
9
6

0.
5

0.
8
6

0.
5

2
0.
6
(2

0.
8,
2
0.
3)

0.
2
(0
.0
,
0.
4
)

2
0.
4
(2

0.
7,
2
0.
2)

0.
0
(2

0.
3,
0.
2)

2
0.
5
(2

0.
8,
2
0.
3)

0.
0
(2

0.
2,
0.
3)

,
0.
00
1e

W
ei
gh
t,
kg

10
4
.6

6
15
.5

10
2
.7

6
17
.0

2
27
.9
(2

30
.2
,2

25
.6
)

2
6.
9
(2

9.
3,
2
4.
6)

2
26
.3
(2

29
.6
,2

22
.9
)

2
4.
8
(2

8.
6,
2
1.
0)

2
24
.9
(2

29
.5
,2

20
.4
)

2
5.
2
(2

10
.3
,2

0.
2)

,
0.
00
1e

B
M
I,
kg
/m

2
36

.0
6

3.
5

36
.5

6
3.
4

2
9.
7
(2

10
.5
,2

8.
8)

2
2.
3
(2

3.
1,
2
1.
4)

2
9.
2
(2

10
.3
,2

8.
0)

2
1.
6
(2

2.
9,
2
0.
2)

2
8.
7
(2

10
.3
,2

7.
1)

2
1.
8
(2

3.
5,
0.
0)

,
0.
00
1e

B
od

y
co
m
po

si
ti
on

Fa
t
m
as
s,
kg

45
.5

6
9.
4

42
.6

6
9.
8

2
22
.6
(2

25
.0
,2

20
.2
)

2
6.
0
(2

8.
6,
2
3.
4)

2
21
.4
(2

24
.6
,2

18
.2
)

2
3.
0
(2

6.
7,
0.
7)

2
19
.9
(2

24
.0
,2

15
.8
)

2
4.
1
(2

8.
8,
0.
6)

,
0.
00
1e

Le
an

m
as
s,
kg

59
.2

6
14
.1

60
.1

6
10
.8

2
5.
2
(2

6.
7,
2
3.
6)

2
1.
3
(2

2.
9,
0.
3)

2
5.
2
(2

6.
9,
2
3.
5)

2
1.
9
(2

3.
8,
0.
1)

2
5.
8
(2

7.
8,
2
3.
8)

2
1.
3
(2

3.
5,
1.
0)

0.
0
03

e

W
ai
st
ci
rc
um

fe
re
nc
e,
cm

11
7
.8

6
14
.9

11
4
.1

6
12
.2

2
26
.9
(2

30
.5
,2

23
.4
)

2
6.
4
(2

10
.1
,2

2.
6)

2
27
.4
(2

32
.1
,2

22
.6
)

2
5.
4
(2

10
.9
,0
.1
)

2
24
.8
(2

31
.0
,2

18
.6
)

2
1.
0
(2

8.
2,
6.
2)

,
0.
00
1e

B
lo
od

pr
es
su
re

Sy
st
ol
ic
,m

m
H
g

13
2
.8

6
10
.5

12
6
.3

6
14
.7

2
13
.1
(2

19
.0
,2

7.
1)

2
1.
6
(2

7.
9,
4.
8)

2
10
.7
(2

17
.5
,2

3.
8)

4.
2
(2

4.
1,
12
.4
)

2
0.
3
(2

8.
3,
7.
8)

9.
7
(0
.3
,
19
.1
)

0.
0
11

D
ia
st
ol
ic
,m

m
H
g

81
.7

6
7.
4

76
.6

6
8.
8

2
5.
3
(2

8.
6,
2
2.
0)

2
2.
4
(2

5.
9,
1.
1)

2
4.
3
(2

7.
8,
2
0.
7)

0.
6
(2

3.
7,
4.
9)

2.
0
(2

2.
0,
5.
9)

2
1.
2
(2

5.
8,
3.
5)

,
0.
00
1f

Ph
ys
ic
al
fi
tn
es
s

D
is
ta
nc
e
w
al
ke
d
in
6
m
in
,m

46
4
6

56
46

7
6

56
13

(2
11
,3
7)

25
(0
,5

0)
34

(5
,6

2)
32

(2
1,
65
)

33
(2

1,
68
)

37
(2

4,
79
)

0.
5
48

H
ea
rt
ra
te

re
co
ve
ry

at
1
m
in
,b
pm

92
.2

6
15
.2

87
.5

6
12
.0

2
10
.7
(2

15
.4
,2

6.
1)

0.
9
(2

4.
0,
5.
9)

2
5.
7
(2

11
.3
,2

0.
2)

2.
7
(2

4.
0,
9.
4)

2
7.
0
(2

13
.6
,2

0.
4)

1.
4
(2

6.
9,
9.
7)

0.
0
02

Co
nt
in
ue
d
on

p.
67
4

care.diabetesjournals.org Simonson and Associates 673

http://care.diabetesjournals.org


T
ab

le
1—

C
o
n
ti
n
u
ed

B
as
el
in
e*

1
ye
ar

2
ye
ar
s

3
ye
ar
s

P
R
YG

B
IM

W
M

R
YG

B
IM

W
M

R
YG

B
IM

W
M

R
YG

B
IM

W
M

10
-y
ea
r
U
KP
D
S
ri
sk

sc
or
es

CH
D
,%

9.
8
6

9.
6

10
.8

6
6.
9

2
4.
1
(2

5.
7,
2
2.
5)

0.
5
(2

1.
1,
2.
0)

2
2.
6
(2

4.
3,
2
0.
8)

2
0.
7
(2

2.
6,
1.
2)

2
2.
5
(2

4.
3,
2
0.
7)

0.
1
(2

2.
0,
2.
1)

0.
0
09

e

Fa
ta
lC
H
D
,%

6.
5
6

7.
7

6.
9
6

4.
9

2
3.
0
(2

4.
3,
2
1.
7)

0.
4
(2

0.
9,
1.
8)

2
1.
8
(2

3.
3,
2
0.
3)

0.
1
(2

1.
5,
1.
7)

2
1.
5
(2

3.
2,
0.
2)

1.
1
(2

0.
8,
2.
9)

0.
0
12

St
ro
ke
,%

4.
0
6

4.
1

4.
0
6

2.
3

2
0.
2
(2

0.
6,
0.
2)

0.
6
(0
.2
,
1.
0
)

0.
6
(0
.1
,1

.1
)

1.
2
(0
.6
,1

.8
)

1.
4
(0
.8
,2

.0
)

2.
2
(1
.5
,
2.
9
)

0.
0
24

Fa
ta
ls
tr
ok
e,
%

0.
6
6

0.
6

0.
5
6

0.
3

2
0.
1
(2

0.
2,
0.
0)

0.
1
(0
.0
,
0.
2
)

0.
0
(2

0.
2,
0.
1)

0.
2
(0
.0
,0

.4
)

0.
2
(0
.0
,0

.3
)

0.
5
(0
.3
,
0.
7
)

0.
0
04

La
bo

ra
to
ry

m
ea
su
re
m
en
ts

H
bA

1
c,
%

8.
2
4
6

1.
42

8.
7
8
6

1.
02

2
1.
97

(2
2.
52
,2

1.
41
)

2
0.
09

(2
0.
66
,0
.4
7)

2
1.
91

(2
2.
49
,2

1.
33
)

2
0.
32

(2
0.
99
,0
.3
5)

2
1.
79

(2
2.
38
,2

1.
20
)

2
0.
39

(2
1.
06
,0
.2
8)

,
0.
00
1e

H
bA

1
c,
m
m
ol
/m

ol
66
.6

6
15
.5

72
.5

6
11
.1

2
21
.5
(2

27
.5
,2

15
.4
)

2
1.
0
(2

7.
2,
5.
1)

2
20
.9
(2

27
.2
,2

14
.5
)

2
3.
5
(2

10
.8
,3
.8
)

2
19
.6
(2

26
.0
,2

13
.1
)

2
4.
3
(2

11
.6
,3
.1
)

,
0.
00
1e

Fa
st
in
g
pl
as
m
a
gl
uc
os
e,
m
g/
dL

13
2
6

50
16

2
6

54
2
47

(2
62
,2

32
)

2
3
(2

19
,1
3)

2
47

(2
64
,2

31
)

2
11

(2
30
,8
)

2
46

(2
62
,2

29
)

2
9
(2

29
,1
0)

,
0.
00
1e

To
ta
lc
ho

le
st
er
ol
,m

g/
dL

15
4
6

34
16

2
6

39
2
4
(2

18
,1
0)

7
(2

7,
22
)

7
(2

8,
24
)

2
16

(2
35
,3
)

5
(2

12
,3
3)

2
12

(2
33
,9
)

0.
0
22

f

D
ir
ec
t
LD

L
ch
ol
es
te
ro
l,
m
g/
dL

88
6

28
99

6
29

2
6
(2

18
,6
)

9
(2

4,
21
)

5
(2

9,
19
)

2
15

(2
32
,2
)

3
(2

13
,1
9)

2
11

(2
30
,8
)

0.
0
37

f

H
D
L
ch
ol
es
te
ro
l,
m
g/
dL

44
6

10
39

6
10

10
(7
,
13
)

0
(2

3,
4)

12
(7
,1

6)
2
1
(2

6,
5)

15
(1
0,

21
)

2
(2

4,
9)

,
0.
00
1e

Tr
ig
ly
ce
ri
de
s,
m
g/
dL

12
0
6

66
15

6
6

76
2
46

(2
61
,2

30
)

2
6
(2

23
,1
0)

2
42

(2
58
,2

25
)

6
(2

13
,2
6)

2
39

(2
55
,2

22
)

2
22

(2
42
,2

2)
,
0.
00
1e

Cr
ea
ti
ni
ne
,m

g/
dL

0.
7
1
6

0.
14

0.
8
6
6

0.
21

2
0.
06

(2
0.
10
,2

0.
02
)

0.
0
0
(2

0.
04
,0
.0
4)

2
0.
06

(2
0.
11
,2

0.
01
)

0.
0
7
(0
.0
1,

0.
1
3)

0.
0
3
(2

0.
03
,0
.1
0)

0.
0
5
(2

0.
02
,0
.1
2)

0.
0
11

e

U
ri
ne

al
bu

m
in
/c
re
at
in
in
e,

m
g/
m
gg

3
(0
–7
)

3
(0
–
10
)

4
(2
–
7)

3.
5
(0
–4
)

5
(2
.5
–1
5)

6.
5
(4
–
17
)

6
(3
–
9)

6.
5
(0
–8
)

0.
8
73

h

H
em

at
oc
ri
t,
%

36
.8

6
3.
3

40
.2

6
4.
3

2
2.
4
(2

3.
6,
2
1.
2)

0.
4
(2

0.
9,
1.
6)

2
3.
0
(2

4.
4,
2
1.
7)

1.
3
(2

0.
4,
2.
9)

2
2.
6
(2

4.
2,
2
1.
0)

1.
0
(2

0.
8,
2.
9)

,
0.
00
1

W
hi
te

bl
oo

d
co
un

t,
3
10

6
/m

L
6.
8
6

2.
1

6.
5
6

1.
8

2
0.
9
(2

1.
4,
2
0.
4)

0.
1
(2

0.
5,
0.
6)

2
1.
1
(2

1.
7,
2
0.
5)

0.
1
(2

0.
6,
0.
9)

2
0.
9
(2

1.
6,
2
0.
2)

0.
4
(2

0.
4,
1.
2)

,
0.
00
1

A
LT
,I
U
/L

32
6

16
27

6
12

2
10

(2
14
,2

7)
2
5
(2

9,
2
1)

2
13

(2
18
,2

9)
2
9
(2

14
,2

4)
2
15

(2
19
,2

10
)

2
7
(2

12
,2

1)
0.
0
23

A
ST
,I
U
/L

31
6

22
23

6
13

2
6
(2

9,
2
2)

2
4
(2

7,
0)

2
7
(2

11
,2

4)
2
8
(2

12
,2

4)
2
8
(2

12
,2

5)
2
6
(2

11
,2

2)
0.
7
67

A
LT
,a
la
ni
ne

am
in
ot
ra
ns
fe
ra
se
;A

ST
,a
sp
ar
ta
te

am
in
ot
ra
ns
fe
ra
se
.*
B
as
el
in
e
da
ta

ar
e
m
ea
n
6

SD
,n

(%
),
or

m
ed
ia
n
(in

te
rq
ua
rt
ile

ra
ng
e)
,u
nl
es
s
ot
he
rw

is
e
st
at
ed
.a
H
is
pa
ni
c
su
bj
ec
ts
m
ay

be
an
y
ra
ce
.b
P
va
lu
es

re
pr
es
en
t
co
m
pa
ri
so
n
of

pr
op

or
ti
on

s
at

3
ye
ar
s
(R
YG

B
vs
.I
M
W
M
)
by

Fi
sh
er

ex
ac
t
te
st
.c
Pr
im
ar
y
en
d
po

in
t,
de
fi
ne
d
as

pr
op

or
ti
on

w
it
h
H
bA

1
c
,
6.
5%

an
d
fa
st
in
g
pl
as
m
a
gl
uc
os
e
,
12
6
m
g/
dL

w
it
h
or

w
it
ho

ut
an
ti
di
ab
et
es

m
ed
ic
at
io
n.

d
P
va
lu
es

re
pr
es
en
t
di
ff
er
en
ce
s
be
tw

ee
n
gr
ou

ps
(R
YG

B
vs
.I
M
W
M
)
fr
om

lin
ea
r
m
ix
ed
-e
ff
ec
ts
m
od

el
ad
ju
st
ed

fo
r
ba
se
lin
e
va
lu
es
,u
nl
es
s
ot
he
rw

is
e
no

te
d.

e
G
ro
up

3
ti
m
e
in
te
ra
ct
io
n
al
so

si
gn
ifi
ca
nt

at
P
,

0.
05
.f
P
va
lu
e
re
pr
es
en
ts
gr
ou

p
3

ti
m
e
in
te
ra
ct
io
n;

gr
ou

p
ef
fe
ct
w
as

no
t
si
gn
ifi
ca
nt
.g
M
ed
ia
n
an
d
in
te
rq
ua
rt
ile

ra
ng
e
pr
ov
id
ed

du
e
to

sk
ew

ed
di
st
ri
bu

ti
on

.h
B
y
Kr
us
ka
l-W

al
lis

te
st
fo
r

no
np

ar
am

et
ri
c
da
ta
.

674 Outcomes After Roux-en-Y Versus Medical Management Diabetes Care Volume 41, April 2018



(221.5 mmol/mol [95% CI 227.5,
215.4]) was achieved by year 1 and sus-
tained through year 3 (21.79% [22.38,
21.20];219.6 mmol/mol [226.0, 213.1])
in the surgical group, while HbA1c in the
medical weight loss group was not dif-
ferent from baseline at any time from
year 1 through year 3 (Table 1 and
Fig. 1).
Weight, BMI, fat mass, lean mass, and

waist circumference all decreased more
after RYGB than medical management
(Table 1). The reduction inweight reached
its maximum at 1 year in both groups, but

large differences in weight loss per-
sisted through the end of the 3rd year
(change of 224.9 kg [95% CI 229.5,
220.4] vs. 25.2 kg [210.3, 20.2] at
year 3 in RYGB vs. IMWM, respectively;
P, 0.001).

The RYGB group also had greater im-
provements in triglycerides and HDL
cholesterol, although change in LDL cho-
lesterol was not different between
groups (Table 1). The reduction in systolic
blood pressure was greater after RYGB
(P = 0.011), but diastolic blood pressure
changes were more variable and did not

differ between groups. The changes in pro-
jected 10-year risks of fatal and nonfatal
coronary heart disease and stroke as de-
termined by theUKPDS risk equationwere
all lower in the surgical group compared
with the medical management group. The
surgical group also had greater reductions
in the number of antidiabetes, antihyper-
tensive, and lipid-loweringmedications (all
P , 0.001) compared with IMWM.

Patient-Reported Outcomes
Self-reported health status assessed by
the SF-36 showed that both groups had

Figure 1—Changes (6SEM) in BMI (A), HbA1c (B), and antidiabetes (C), antihypertensive (D), and lipid-lowering (E) medications over 36 months in obese
patientswith type 2 diabetes randomized to RYGB (open squares with dashed lines) versus IMWM(filled circleswith solid lines). P values represent overall
differences between treatment groups by linearmixed-effectsmodels adjusted for baseline values. atime3 group interaction also significant at P, 0.05.
*P, 0.05, **P, 0.01, ***P, 0.001 vs. baseline. †P, 0.05, ††P, 0.01, †††P, 0.001 between groups. DMMeds, antidiabetesmedications; BPMeds,
antihypertensive medications; Lipid Meds, lipid-lowering medications.
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improvements in the total, physical com-
ponent, and mental component scores
over the 3-year follow-up, but there
were no significant differences between
groups (Fig. 2A–C). PAID improved in both
groups, but again there were no differen-
ces between RYGB and IMWM (Fig. 2D).
In contrast, therewas significantly greater
improvement exhibited for IWQOL after
RYGB than after IMWM (P , 0.001)
(Fig. 2E–J). This effect was largely due
to changes in the physical function scale,
with lesser beneficial changes also

observed for self-esteem and work per-
formance.

A structural equation model was con-
structed to examine the impact of changes
in weight and HbA1c on the latent con-
struct “quality of life,” as measured by
changes in scores on the SF-36, PAID,
and IWQOL (Fig. 3). The b-coefficients
shown in Fig. 3 demonstrate that reduc-
tion in weight had a much greater impact
on the improvement in perceived quality
of life than reduction in HbA1c. Reduction
in weight was also strongly associated

with a lowering of HbA1c. Among the
three primary instruments used to mea-
sure the latent construct, the strongest
relationship was manifest as changes in
IWQOL, with lesser contributions due to
improvements in PAID and SF-36.

Complications and Serious Adverse
Events
Serious adverse events, defined by U.S.
Food and Drug Administration criteria
(see Supplementary Table 1), were more
common among RYGB, includingmultiple

Figure 2—Changes (6SEM) in SF-36 total score (SF-36 Total) (A), SF-36 physical (B), SF-36mental (C), PAID (D), and IWQOL total score (E), and subscales of
physical function (F), self-esteem (G), sex life (H), public distress (I), and work performance (J) over 36 months in obese patients with type 2 diabetes
randomized to RYGB (open squares with dashed lines) versus IMWM (filled circles with solid lines). In A–C, an increase in score indicates improvement
(better health status). InD–J, a decrease in score indicates improvement (fewer problemswith diabetes or less impact of weight on quality of life). P values
represent overall differences between treatment groups by linear mixed-effects model adjusted for baseline values. atime 3 group interaction also
significant atP, 0.05. btime3 group interaction significant atP, 0.05 but group effect not significant. *P, 0.05, **P, 0.01, ***P, 0.001 vs. baseline.
†P, 0.05, ††P, 0.01, †††P , 0.001 between groups.
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gastrointestinal surgical procedures. A to-
tal of four patients had gastrointestinal
surgeries. Two participants had one gas-
trointestinal surgical procedure each: one
for cholecystectomy and the other for ly-
sis of adhesions. Two patients had repeat
gastrointestinal surgical procedures. One
participant had two procedures for mar-
ginal ulceration and a cholecystectomy
after a hospitalization for cholecystitis,
and the other had two procedures for
lysis of adhesions. One patient previously
randomized to IMWM was successfully
resuscitated from a witnessed cardiac
arrest. There were no deaths in either
group. All patients who experienced ad-
verse events were included in the final
analyses.

CONCLUSIONS

This study demonstrates that RYGB leads
to clinical improvementsdincluding a
higher percentage of patients achieving
nondiabetic range glycemia, greater im-
provement in HbA1c and fasting plasma
glucose, and greater weight lossdover
3 years when compared with a medical
diabetes- and weight-management pro-
gram in surgically appropriate patients
with type2diabetes andmild-to-moderate
obesity. Additional cardiometabolic

benefits include reduced systolic blood
pressure and triglycerides and increased
HDL cholesterol, with improvement in
10-year risks of fatal and nonfatal coronary
heart disease and stroke. Importantly, all of
these changes were accompanied by
significant reductions in the number of
antidiabetes, antihypertensive, and lipid-
lowering medications. While both groups
realized improvement in several patient-
reported quality of life measures, the im-
pact of weight on quality of life improved
more after RYGB.

At enrollment, all study participants
were receiving treatment for diabetes
from a physician not connected to the
randomized trial. Despite almost all pa-
tients using one or more diabetes med-
ications, baseline HbA1c levels averaged
8.5% (69 mmol/mol), suggesting a need
for additional intervention. Random-
ized comparative effectiveness trials
help inform clinical decision making. Our
current report provides evidence for du-
rability of metabolic change after surgical
compared with medical intervention and
contributes to a growing body of obser-
vational (19–22) and small randomized
(7–9,11,12,23) studies. Taken together,
these studies support metabolic surgery
as a treatment option for diabetes

management, with better effects of sur-
gery thanmedical management for glyce-
mic control, weight loss, and potential

Figure 2—Continued.

Figure 3—Structural equation model depict-
ing the relationship between predictor varia-
bles (change in HbA1c and change in weight)
and the latent construct (change in quality of
life [QOL]) from baseline to 1 year for all sub-
jects in the study. Change in quality of life is
measured by changes in patient responses to
the IWQOL, PAID, andSF-36 instruments.Num-
bers represent standardized b-coefficients;
e1–e4 represent error terms from the model.
Negative b-coefficients indicate that a de-
crease in the measurement or score (weight,
HbA1c, IWQOL, and PAID) was associatedwith
improved quality of life.
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reduction in complications associated
with type 2 diabetes (rev. in 24,25). Im-
portantly, thesemetabolic improvements
occur in the setting of lower medication
burden and low surgical risk.
Furthermore, approximately one-third

of our study participants had class 1 obe-
sity (BMI 30 to ,35 kg/m2), for which
data are sparse (26). Information on pa-
tientswith lowBMIdanalyzed in the con-
text of other randomized studies, each
contributing small numbers of patients
with lower-range BMI (27)dbegins to
provide level 1A evidence that surgery
may be appropriate for type 2 diabetes
management even when excess weight
is less severe. These findings support
the recent American Diabetes Association
guideline to considermetabolic surgery in
the treatment of obese patients with
type 2 diabetes when hyperglycemia is
inadequately medically controlled in ap-
propriate surgical candidates (28).
Ourmedical intervention cohort achieved

a sustained weight loss of 5.2 kg at
3 years, demonstrating the effectiveness
of the medical intervention for obesity
treatment. Sustained weight loss may
have been achieved by lifestyle changes
and/or use of newer diabetesmedications
that are weight neutral or promote
weight loss. To date, multiple small ran-
domized studies have compared meta-
bolic surgery with a more intensive
medical management than would typi-
cally be considered standard of care
(7–9,11,12,23), suggesting that even
greater benefits might be realized with
surgery in the real-world setting. Reasons
for recidivism in glycemic control in the
setting of new effective medications for
diabetes management are likely multifac-
torial, and more understanding of bar-
riers to care is needed.
Cardiovascular disease remains a major

cause of morbidity and mortality in obese
patientswith type 2 diabetes (29). Notably,
estimated cardiovascular risk, calculated
using the UKPDS risk engine designed
for patients with type 2 diabetes (14),
was lower after RYGB compared with
IMWM, consistent with findings of large
controlled outcome studies (17,30).
Further studies are still warranted to pro-
vide long-term effectiveness and to mea-
sure microvascular and macrovascular
outcomes.
The current results also expand our un-

derstanding of the potential benefits of
bariatric surgery in obese type 2 diabetes

on patient-centered outcomes. Many
previous observational studies have dem-
onstrated that weight loss achieved by
diverse meansddiet, lifestyle modifica-
tion, or surgerydimproves self-reported
health status and quality of life (2). How-
ever, few, if any, of these studies have
measured both health status and quality
of life, and used both generic anddisease-
specific measures, within the context of a
single randomized clinical trial.

In other published trials comparing
bariatric procedures (RYGB, gastric
sleeve, or gastric band) with lifestyle in-
terventions, the SF-36 has typically dem-
onstrated improvements in physical
health and, less consistently, in mental
health scores in both groups, although
the benefits were often greater after sur-
gery.Weobserved significant and compa-
rable improvements in both intervention
groups, which may be partially due to the
intensive and comprehensive nature of
our lifestyle program. It should be noted
that the SF-36 generally has better dis-
criminative properties (detecting differ-
ences between groups of people) than
evaluative properties (detecting change
over time), except when the change in
health status is large, as it was in our
study.

In contrast to the SF-36, the IWQOL is a
disease-specific quality of life instrument
that may be more sensitive to detecting
change over time due to weight loss (5).
All of the subscales improved in both
groups, and the changes were signifi-
cantly greater in RYGB versus medical
and lifestyle intervention for physical
functioning, self-esteem, and work per-
formance. It is notable that the medical
and lifestyle group achieved measurable
benefit despite substantially smaller
weight loss, suggesting that even modest
weight loss improves the patients’ per-
ception of their health and performance
in personal, social, and work-related roles
(31). Problem areas in diabetes also im-
proved in both groups over the course
of the study, with somewhat greater ben-
efit in the RYGB group. However, these
changes were not associated with
changes in HbA1c, whichwas substantially
better after surgery compared with the
IMWM group. This lack of concordance
between patients’ perception of the
problems encountered in diabetes man-
agement and the actual results achieved
in the IMWM group may be due to fac-
tors such as the changes in classes of

antidiabetes medications used in the set-
ting of increased availability of newer
pharmacological agents or overall im-
provement in well-being and self-esteem
achieved after the medical and lifestyle
intervention itself.

When all of thesemeasures weremod-
eled simultaneously using a structural
equation model, the reduction in weight
had a much greater impact on quality of
life than did improvement in HbA1c (Fig.
3). This is not entirely unexpected, as sub-
stantial loss of weight has beneficial ef-
fects on multiple aspects of physical and
mental health, but does add further sup-
port to the use bariatric surgical proce-
dures in diabetes management.

Adverse events were numerically more
common after RYGB, but the number of
participants and duration of follow-up
limit interpretation of these risks. Our
study is limited by the small sample size,
intermediate duration of follow-up, het-
erogeneous population (both insulin and
oral hypoglycemic agents), and few car-
diovascular events. Participants in our
study had relatively long duration of di-
abetes, high use of insulin, and highHbA1c
at study entrydall consistent with lower
likelihood of achieving remission after
metabolic surgery (22,32).

Our study adds to a growing body of
work showingmetabolic and cardiovascu-
lar benefits of RYGB, even compared with
an intensive multidisciplinary, multimo-
dality medical diabetes and weight inter-
vention. Our randomized trial also adds to
the relatively scant existing data to sup-
port use of metabolic surgery in surgically
appropriate patients with less severe-
grade obesity and supports the recent
American Diabetes Association guidelines
to consider metabolic surgery in this set-
ting.While surgery is not without adverse
events, improved patient-reported out-
comes provide further evidence that seri-
ous consideration be given to RYGB for
treatment of diabetes in obese patients.
Finally, our study demonstrates the rela-
tive importance of weight compared with
other metabolic measures on the pa-
tient’s perception of quality of life.

Acknowledgments. The authors thank the re-
search assistants, postdoctoral fellows, and
medical student who assisted with the study
conduct (Katherine Kelly, Stephanie Worobey,
Su-Ann Ding, Marlene Wewalka, and Jennifer
Panosian, from Joslin Diabetes Center); members
of the surgical team at Brigham and Women’s

678 Outcomes After Roux-en-Y Versus Medical Management Diabetes Care Volume 41, April 2018



Hospital (David B. Lautz and Kerri Clancy), and the
members of the Why WAIT program team at the
Joslin Diabetes Center (Osama Hamdy, Ann
Goebel-Fabbri, Nuha El Sayed, Iris Marquis,
Jacqueline Shahar, Michael See, Gillian Arathuzik,
Amanda Kirpitch, John Zrebiec, Pam Needle, Re-
becca Lungo, and Joan Beaton).
Funding. This work was supported by National
Institute of Diabetes and Digestive and Kidney
Diseases grants RC1-DK-086918, R56-DK-095451,
and P30-DK-03836; the Herbert Graetz Fund at
Joslin Diabetes Center; and Patient-Centered Out-
comes Research Institute grant CE-1304-6756.
LifeScan, a divisionof Johnson& Johnson, provided
home glucose-monitoring supplies; Nestle pro-
videdBoost; andNovoNordisk provideddrug sup-
plies. A.B.G. received research support for this
work in the formof supplies from LifeScan, Nestle,
Novo Nordisk, and Cleveland Clinic (sponsored by
Ethicon and Covidien).
Duality of Interest. Covidien provided funds for
the surgical costs of participants with BMI
,35 kg/m2 who were randomized to undergo sur-
gery. D.C.S. serves on advisory panels for GI Win-
dows and Medtronic. A.B.G. serves on advisory
panels for Boston Heart Diagnostics Corporation,
Baranova, and Kowa. A.B.G. currently has a position
with the Novartis Institutes for Biomedical Research
that did not begin until after the manuscript was
completed. No other potential conflicts of interest
relevant to this article were reported.
Author Contributions. D.C.S. contributed to
the study concept and design, analyzed data,
contributed to the discussion, and wrote, re-
viewed, and edited the manuscript. F.H. con-
tributed to the study concept and design,
collected data, and reviewed the manuscript.
K.F. collected data. A.V. collected data and
reviewed the manuscript. A.B.G. contributed
to the study concept and design, obtained study
funding, supervised study operations, collected
data, contributed to the discussion, and wrote,
reviewed, and edited themanuscript. D.C.S. and
A.B.G. are the guarantors of this work and, as
such, had full access to all the data in the study
and take responsibility for the integrity of the
data and the accuracy of the data analysis.
Prior Presentation. Parts of this study were
presented in abstract form at the 76th Scientific
Sessions of the American Diabetes Association,
New Orleans, LA, 10–14 June 2016.

References
1. Ali MK, Bullard KM, Saaddine JB, Cowie CC,
Imperatore G, Gregg EW. Achievement of goals
in U.S. diabetes care, 1999-2010. N Engl J Med
2013;368:1613–1624
2. Franz MJ, Boucher JL, Rutten-Ramos S,
VanWormer JJ. Lifestyle weight-loss intervention
outcomes in overweight and obese adults with
type 2 diabetes: a systematic review and meta-
analysis of randomized clinical trials. J Acad Nutr
Diet 2015;115:1447–1463
3. Wing RR; Look AHEAD Research Group. Long-
term effects of a lifestyle intervention on weight
and cardiovascular risk factors in individuals with
type 2 diabetes mellitus: four-year results of the
Look AHEAD trial. Arch Intern Med 2010;170:
1566–1575

4. Karlsson J, Taft C, Rydén A, Sjöström L, Sullivan
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